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Silicon is the backbone of modern microelectronics due to its natural abundance, nontoxicity, propensity for doping, high-temperature stability, and native oxide passivation layer [1, 2] . At ambient conditions, the ground state of Si crystal adopts the cubic diamond structure (d-Si) with sp 3 hybridization, which is an indirect-bandgap (1.17 eV) semiconductor. Moreover, the tetrahedral bonding character of Si atoms leads to an exceptionally complex energy landscape, giving rise to numerous metastable allotropes with small energy differences from the d-Si phase. By compressing or decompressing the known phases, many compact Si allotropes [3] [4] [5] [6] have been discovered in laboratory. In addition, more and more low-density phases of
Si have also been proposed and even synthesized [1, [7] [8] [9] [10] [11] [12] [13] [14] [15] . These allotropes with different arrangements of Si atoms possess diverse electronic band structures, offering an effective way toward the desired physical properties for Si-based electronics. For instance, a number of direct-or quasidirect-bandgap semiconducting allotropes of Si [11] [12] [13] [14] have been predicted by means of ab initio calculations, which could be utilized in the thin-film photovoltaic devices due to their modest bandgap and advanced optoelectronic properties beyond those of d-Si. Motivated by those theoretical studies, a recent experiment using a high-pressure precursor method reported the first synthesis of Si allotrope with quasidirect bandgap (1.3 eV), namely
Cmcm-Si 24 [15] . On the other hand, Sung et al. proposed the first metallic phase (P/6m-Si 6 ) of Si in open framework, featuring as a superconductor with the critical temperature of ~12 K [16] . Notably, among the known metastable allotropes, BC8-Si was once predicted to be a semimetal [17, 18] , whereas recent experiment confirmed it is a narrow direct gap semiconductor [19] . Then a question arises naturally: is it possible to obtain a semimetal in the crystal structures of pure Si, especially a topological semimetal (TSM)?
Ignited by the successful theoretical design [20] and experimental observation [21, 22] of Weyl semimetals (WSMs), the study of TSMs has attracted significant attention recently [23] [24] [25] [26] [27] . As new topological states of matter, TSMs are characterized by the non-accidental crossing between the conduction and valence bands near the Fermi level, and the linear energy dispersion as a function of momentum. The forming crossing-points (termed as nodes or nodal points) are either discrete or continuous. In the discrete case, according to the degeneracy of nodes, TSMs can be classified into three catalogs: (i) two-fold degenerate WSMs [20] [21] [22] [23] , (ii) triply degenerate nodal points semimetals (TDNPSMs) [28] [29] [30] [31] , and (iii) four-fold degenerate Dirac semimetals (DSMs) [32] [33] [34] [35] . For the continuous situations, the nodal points form a periodically continuous line running across the Brillouin zone (BZ) or a closed loop inside the BZ; thus the corresponding systems are called topological node-line semimetals (TNLSMs). Under specific symmetry operations, quantum phase transition may occur between these TSM states. Importantly, their nontrivial topology encoded in the bulk band structure gives rise to remarkable physical properties, such as high carrier mobility, novel surface sates (e.g., Fermi arcs and drumhead-like flat bands), and Chiral anomaly [23] [24] [25] [26] . In this regard, it is crucial to search for superb materials to realize the aforesaid TSM states for practical applications. After years of efforts, many fascinating TSM materials have been proposed and even confirmed experimentally [23] [24] [25] [26] [27] . However, most of them not only contain heavy elements that are often expensive or toxic, but also are hardly compatible with the current Si-based semiconductor industry.
In this letter, we show by first-principles calculations that it is indeed possible to obtain the desired TSM in the all-silicon solids. This suggests that the AHT-Si 24 phase could also be synthesized by the high-pressure precursor method [15] like Cmcm-Si 24 . If a precursor Na-Si system, e.g., AHT-Na 4 Si 24 (see Fig. S3 [38]), is produced and retains its stability at ambient condition, the guest Na atoms could be removed from the open channels by a degassing process [15, 16, 45] .
The calculated cohesive energy of AHT-Si 24 is 5.17 eV, which is less than that of d-Si by 0.25 eV/atom [ Fig. 1(c) ], due to the ring strain in the open channels. In spite of this, it is more stable than the open-framework allotropes P/6m-Si 6 (5.07 eV) [16] and Si 20 -T (5.14 eV) [11] , and other synthesized compact allotropes of Si, including -Sn, Imma-Si, SH-Si, Cmca-Si and Si-VII, and Si-X (see Fig. S4 [38]) at zero pressure. The dynamic stability of AHT-Si 24 has been confirmed by phonon dispersion calculation, as shown in Fig. 2(d) . Moreover, its independent elastic constants C 11 , C 12 , The electronic band structure of AHT-Si 24 is presented in Fig. 2 crossing also exists in the HSE06 band structure (Fig. S5 [38] ). To further explore the origin of band crossings in AHT-Si 24 , we calculated the orbital and atom decomposed band structures near D1 and D2. As shown in Fig. 2 
According to the classification of TNLSMs [25] , we infer that the AHT-Si 24 belongs to type-B because its closed nodal line is protected by space inversion (P), time-reversal (T), and SU (2) spin-rotation symmetries. Specifically, if we enclose the nodal line with a ring, the independent Z 2 index, termed as ζ 1 , should be topologically invariant. Here, the explicit expression of ζ 1 is the Berry phase on the ring that interlocks with the closed nodal line [25] :
is the Abelian Berry connection. For AHT-Si 24 , ζ 1 is equal to 1, implying that the rounded-rectangle nodal line is topologically protected by the mentioned P, T and SU (2) respectively), which can be ignored completely at temperature higher than 9 K. In this sense, the topological nodal line in AHT-Si 24 is rather robust against SOC under ambient temperature. Thus the needed quantum phase transitions should resort to the symmetry breakings of P, T or both of them [24, 25] .
For a TNLSM, another key feature is the existence of flat surface bands [24] , which provides the possibility for experimental detection by angle-resolved photoemission measurement [56] . Essentially, we can draw the same conclusions as those for AHT-Si 24 . As for VFI-Si 36 , the HVB and LCB linearly cross at the asymmetric points D1 along Γ-M and D2 along Γ-K, which are caused by the band inversion between Si1+Si2 
III. Structure and Stability of AHT-Na 4 Si 24
On the basis of the structural character of AHT-Si 24 , we constructed a hypothetical Na-Si system as the possible precursor, termed as AHT-Na 4 Si 24 . Upon fully optimization, AHT-Na 4 Si 24 can well maintain the crystal structure of pristine AHT-Si 24 at ambient pressure [see Fig. S3(a) ]. The key parameters are listed in Table   SII . For comparison, the results of previously reported precursors, e.g., P/6m-NaSi 6 and Cmcm-Na 4 Si 24 , are also presented. Notably, the cohesive energy of AHT-Na 4 Si 24
is larger than that of P/6m-NaSi 6 by 0.9 eV per NaSi 6 , suggesting that when AHT-Na 4 Si 24 is fabricated, it would be even more stable than P/6m-NaSi 6 
VI. Atomic Structure and Stability of VFI-Si 36
The optimized structure of VFI-Si 36 is shown in Fig. S6 (a) . Like in AHT-Si 24 
VII. Electronic Band Structure of VFI-Si 36
As shown in Fig. S7(a 
VIII. Nodal Line and Flat Surface Bands of VFI-Si 36
The calculated Fermi surface and 3D band structure of VFI-Si 36 show that the HVB and LCB cross with each other along a closed loop inside the BZ [see Fig.   S8(a) ]. Thus, similar to AHT-Si 24 , VFI-Si 36 is also a topological node-line semimetal.
Owing to the hexagonal crystalline symmetry, the nodal Dirac points form a "rounded hexagon" nodal line within the k z = 0 plane [see Fig. S8 (a) ]. respectively. In experiment, these surface states should be detectable by photoelectron spectroscopy. Moreover, it is anticipated that such flat surface bands could induce the desirable high-temperature surface superconductivity [6, 7] .
IX. Simulated XRD Patterns
To guide the experimental observation of AHT-Si 24 and VFI-Si 36 , their X-ray diffraction (XRD) patterns were simulated. The results are plotted in Fig. S9 . For AHT-Si 24 , one can see two strong peaks at 2 = 13.9° and 28°, corresponding to the AHT-Si 24 (110) and (002) diffraction, respectively. As for VFI-Si 36 , the (001) and (002) diffraction peaks can be found at 2 =7.1° and 14.2°, respectively. 
